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Abstract: Cancer survivors often face a variety of psychological challenges during the
treatment process. With the promotion of comprehensive treatment models, exercise, as a non-
pharmacological adjunct therapy, has increasingly gained attention for its role in improving the
psychological health of cancer survivors. This paper reviews the relevant literature and deeply
explores the positive effects of exercise on the psychological health of cancer survivors,
attempting to reveal the physiological and psychological mechanisms behind these effects.
From a psychological perspective, exercise not only alleviates symptoms of anxiety, depression,
and cancer-related fatigue but also fosters positive social interaction and enhances self-efficacy.
The realization of these positive effects may involve multiple mechanisms, such as increased
levels of endorphins after exercise, increased cardiorespiratory and muscle strength, enhanced
immune system functioning, increased social support, and improved self-efficacy. This paper
also analyzes the main challenges encountered in the implementation of exercise interventions,
such as individual differences among patients, exercise compliance, and how to more
effectively integrate exercise interventions into standard cancer treatment. Finally, this paper
looks forward to the direction of future research, suggesting that subsequent studies should
focus on the personalized design of exercise interventions, explore the specific effects of
different types, intensities, and durations of exercise on cancer survivors of different types and
stages. Demographic characteristics such as cultural background, socioeconomic status, gender,
and age should also be explored in depth to explore the potential moderating effects of exercise
intervention effects and adherence. Collectively, these findings highlight the novel
psychosocial contributions of exercise interventions, particularly in facilitating social
interaction and enhancing self-efficacy, thereby offering a more comprehensive understanding
of their therapeutic potential. This is expected to provide a more scientific and effective
exercise intervention strategy for the quality of life and psychosocial resilience of cancer
Survivors.

Keywords: cancer survivors; psychosocial resilience; quality of life; psychological support;
exercise intervention; anxiety; depression

1. Introduction

Cancer stands as a principal public health challenge on a global scale, severely
impacting not only the physical health of patients but also profoundly affecting their
psychological state. Traditionally, cancer treatment has primarily relied on methods
such as surgery, chemotherapy, and radiotherapy. However, these therapeutic
approaches, while effective in eradicating cancer cells, often come with a host of side
effects, including physical weakness, a decline in immune function, and a variety of
psychological issues, such as anxiety, depression, and a reduction in self-worth. With
the shift in medical paradigms and the renewal of health concepts, enhancing the
quality of life of cancer survivors and promoting their psychological recovery has
become an integral part of modern cancer treatment [1-4]. In recent years, exercise,
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as a non-pharmacological adjunctive intervention, has increasingly been recognized
for its positive role in the cancer rehabilitation process, supported by scientific
research. Studies indicate that moderate exercise can not only improve the physical
condition of cancer survivors, such as by enhancing muscle strength and
cardiovascular function, but also aid in alleviating side effects of treatment, such as
nausea, fatigue, and cognitive impairments [5—8]. More importantly, exercise has
demonstrated unique effects on easing psychological stress, and strengthening social
interaction capabilities of cancer survivors [9—11]. Despite the preliminary
understanding provided by existing research on the impact of exercise on the
psychological health of cancer survivors, many unknowns and controversies remain.
For instance, what types, intensities, and durations of exercise are most beneficial for
patients with specific types of cancer? What is the optimal timing for exercise
intervention? How to assess exercise compliance and effectiveness? Moreover, the
specific biological and psychological mechanisms by which exercise improves the
psychological health of cancer survivors are not yet fully understood [12]. This paper
aims to explore the impact of exercise on the psychological health of cancer survivors
and attempt to reveal the physiological and psychological mechanisms behind it,
through literature review and analysis. Furthermore, we will discuss the challenges
and strategies in the implementation process of exercise interventions, providing a
scientific basis and operational recommendations for clinical practice. Through the
exposition of this paper, we anticipate offering new perspectives and practical
pathways for the comprehensive treatment and rehabilitation of cancer survivors.

2. Literature search methodology

All literature was retrieved from the electronic database PubMed. The search
timeframe encompassed studies published from January 2000 to December 2024. The
main keyword combinations included: (“cancer survivors” OR “oncology patients™)
AND (“exercise” OR “physical activity” OR “aerobic training” OR “resistance
training” OR “combined training”) AND (“psychological well-being” OR “mental
health” OR “quality of life” OR “anxiety” OR “depression” OR “fatigue”)

The literature selection process consisted of two phases. First, a preliminary
screening was performed based on titles and abstracts, excluding studies clearly
unrelated to the topic. Second, a full-text review was conducted of potentially eligible
literature to determine final inclusion. The number of included studies operations was
the initial search yielding 634 records. After the duplicates are removed, filter the 310
records based on the title and summary. Then exclude some non-compliant records
from the 251 records that meet the qualifications. 109 records were selected for full-
text review, and finally, 109 studies met the inclusion criteria and were included in
this review (Figure 1). Inclusion criteria were as follows: (1) Participants were cancer
survivors (any cancer type and stage); (2) The intervention involved any form of
physical exercise; (3) Studies reported outcomes related to mental health or quality of
life; (4) Study types included randomized controlled trials (RCTs), clinical trials, or
high-quality observational studies; (5) The language of publication was English. Non-
English studies were excluded due primarily to language barriers and limitations in
translation resources, ensuring the accuracy and consistency of data extraction and
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synthesis. Exclusion criteria included: (1) Case reports, editorials, conference abstracts,
or unpublished data; (2) Studies that did not provide specific exercise intervention
programs or psychological outcome data; (3) Studies focused on pharmacotherapy or
other non-exercise interventions.
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Figure 1. Flow diagram for selection of studies.

3. Psychological benefits of exercise for cancer survivors

Exercise has been shown to benefit the psychological health of cancer survivors across
multiple dimensions, including reducing fatigue, alleviating symptoms of anxiety and
depression, and enhancing overall well-being [2,3]. A multitude of studies have been
conducted on exercise interventions for cancer survivors, employing a variety of
exercise modalities, such as aerobic exercise, resistance training, dragon boat racing,
recreational sports, rock climbing, triathlon participation, and high-intensity interval
training (HIIT). The American College of Sports Medicine recently convened a team
of clinical and research experts in the field of cancer and exercise to comprehensively
evaluate the published research findings in this area [3]. The synthesis of these studies
indicates that the exercise modalities with the clearest benefits for psychological health
in cancer survivors are aerobic exercise and resistance training. Furthermore, a
combination of aerobic exercise and resistance training appears to yield even more
pronounced effects [3]. Other forms of exercise have not yet been adequately
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supported by evidence for their safety and efficacy. Additionally, there is no evidence
suggesting that these alternative forms are more effective than aerobic exercise and
resistance training [3]. Specific impacts of aerobic exercise, resistance training, and
their combination on the psychological health of cancer survivors are detailed in Table
1.

Table 1. Physiological effects and psychological outcomes of exercise on the cancer survivors.

Duration  Frequency . . . .
Exercise Types Intensity (min) or (sessions Physiological Psychological References Spec.l al .
Sets (reps) per week) effects outcomes considerations
Cardiorespiratory
60-80% HRmax fitness?, immune . Patients with
60-80% VOzmax,  30-60 3 functionf, chronic  Anxietyl, [13-21]  Osteoporosisora
RPE 13-15 ’ inflammation |, depression | history of hormone
) . neuroendocrine therapy®.
Aerobic exercise regulation? Patients with
Cardiorespiratory peripheral
o, .
65% Hg{ ’ fitness?, immune  Fatigue |, QoL neuropathy lnduceq
max45% VOxmax, 30 3 function?, chronic 1 [15,22-28] by chemotherapeutic
? b
RPE 12 inflammation | agents”.
Patients with
Muscular mass & lymphedema®.
Resistance 60-75% 1RM, 2-3 sets 23 strength?, immune  Fatigue|, QoL [29-36] Patients currently
training RPE 12-15 8-15 reps functiont, bone receiving or who
mineral density? have previously
60-80% HRmax, undergone
60-80% VOmax,  20-40 23 Cardiorespiratory o) transplantation or
RPE 13-15 fitness?, immune v [16,20,37— immunotherapy®.
function?, chronic dell;re;?on L 42] Patients undergoing
Combination of  §5_85% |RM, 2 sets 3 inflammation |, self-efficacy 1 radl.ot‘l(lieralpye:
aerobic exercise 8-12 reps neuroendocrine Individuals vylfth
and resistance 65% HRmax regulationt, severe anemia..
training 45% VOomax 30 3 muscular mass & ' Patients with reduced
RPE 12 ’ strength?, immune Social support (22,2543 platelet countse.
functionT’ bone 1, fatigue |, 47]’ ’ Patients with
60% 1RM, 2 sets mineral density 1 QoL 1 indwelling catheters".
RPE 12 12—15 reps

Note: |, Indicates a decrease; 1, indicates an increase; HRmax, maximum heart rate; VO2max, maximal
oxygen uptake; RPE, ratings of perceived exertion; QoL, quality of life; IRM, one-repetition maximum.
a. High-impact loading exercises and movements that involve excessive trunk flexion, extension, or
twisting should be avoided. During resistance training, direct loading on the affected area should be
minimized. b. Neuromuscular training and resistance training should be prioritized, and alternative
aerobic exercises to walking or running should be considered (e.g., stationary cycling, aquatic aerobics)
to reduce the risk of falls. c. Exercise should be initiated under professional supervision, with a gradual
increase in the volume and intensity of movement for the swollen limb, and close monitoring of limb
circumference changes before and after exercise. d. Home-based exercise is encouraged, and public
fitness equipment should be used cautiously to prevent cross-infection. Patients’ tolerance should be
frequently monitored, and the exercise volume adjusted accordingly to avoid excessive training that
could impact immune system regulation. e. Special attention should be given to assessing the range of
motion around the joints in the radiation treatment area, with a focus on local flexibility training.
Chlorine exposure should be avoided, such as swimming in pools, and skin and soft tissue changes in
the radiated area should be monitored before and after exercise. f. General exercise programs should be
avoided initially, with an emphasis on increasing daily living activities. For those with severe fatigue,
static stretching can be a starting point. g. Careful observation of skin and mucosal bleeding before and
after exercise is necessary. Severe thrombocytopenia is not a contraindication to activity unless
combined with unstable clinical conditions. Bedridden patients and those with prolonged sitting or lying
should be encouraged to engage in activities such as ambulation and daily living tasks. h. Resistance
training should be avoided around the area of the catheter, and intense exercise involving the
catheterized limb should be minimized. For non-implanted catheters, activities that could lead to cross-
infection, such as swimming, should be avoided.
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Aerobic exercise has been shown to significantly reduce anxiety and depressive
symptoms, alleviate fatigue, and substantially improve the quality of life in cancer
survivors. Resistance training significantly reduces fatigue in these patients. The
combination of aerobic and resistance training not only significantly reduces anxiety
and depressive symptoms, alleviates fatigue, but also demonstrates superior outcomes
compared to either type of exercise performed alone [3]. It is evident that moderate
exercise can markedly improve the emotional state of cancer survivors, reduce anxiety
and depression. These improvements are not only due to physiological adaptations but
also contribute to enhanced self-efficacy and opportunities for social engagement.
While numerous studies have demonstrated the benefits of aerobic exercise, resistance
training, and their combinations for cancer survivors’ mental health and quality of life,
it is essential to acknowledge methodological heterogeneity across these
investigations. For instance, variations exist in exercise intervention protocols (type,
intensity, frequency, duration), cancer types and stages, and patient baseline
characteristics that may contribute to inconsistent outcomes. Some earlier studies were
limited by small sample sizes or employed non-rigorous randomized controlled
designs, potentially compromising conclusion reliability. Clinically, it should be noted
that cancer survivors’ physical capacity is frequently compromised due to treatment-
related sequelae. Consequently, adherence to progressive overload principles is critical
during exercise participation. Moreover, those with such conditions should not only
undergo a comprehensive assessment of their physical fitness and functional status
before initiating exercise but also pay close attention to specific considerations related
to exercise safety (Table 1).

While the benefits of exercise are evident, it is crucial to acknowledge that the
efficacy and adherence to these interventions can be significantly moderated by
various demographic and sociocultural factors. For instance, cultural beliefs
surrounding health and physical activity, socioeconomic status influencing access to
resources (e.g., safe exercise environments, financial means for programs), and
gender-specific roles or body image concerns can all impact participation and
outcomes. Future research and clinical implementation should therefore consider these
nuances to ensure equitable and effective exercise delivery across diverse cancer
survivor populations.

4. Mechanisms of exercise on psychological health in cancer
survivors

A cancer diagnosis and its treatment often have a profound impact on patients’
psychological health and overall quality of life, including issues such as anxiety,
depression, stress responses, a sense of social isolation, and cancer-related fatigue.
Exercise, as a non-pharmacological intervention, can not only alleviate patients’
anxiety and depression but also enhance their overall psychological health. Figure 2
presents a conceptual model illustrating the various interconnected physiological and
social-psychological pathways through which exercise improves psychological health
in cancer survivors. The following sections will delve into how exercise can improve
the psychological health in cancer survivors through various mechanisms, including
neurochemical changes, enhanced physical fitness, strengthened immunity, promoted
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social interaction, and increased self-efficacy. Beyond physiological adaptations, the
profound psychological benefits of exercise are often mediated through critical social-
psychological pathways, which are further elucidated by established behavioral

theories.
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Figure 2. Conceptual model depicting pathways linking exercise to psychological
outcomes.

4.1. Neurochemical changes

The diagnosis and treatment of cancer are often accompanied by significant
psychological stress and stress responses, such as anxiety and depression. Exercise-
induced neurochemical changes are one of the key mechanisms for improving mental
health [48]. For example, exercise increases the release of endorphins, an endogenous
opioid peptide, which binds to opioid receptors in the brain to produce analgesic and
euphoric effects, which are effective in relieving anxiety and depression [49]. At the
same time, exercise also upregulates levels of neurotransmitters such as dopamine,
which play a central role in regulating motivation, reward, and mood, helping to
enhance positive emotional experiences and the ability to cope with stress [50].
Similarly, endocannabinoids play a significant role in emotional regulation and pain
perception [51,52]. Secondly, exercise can reduce the levels of stress hormones in the
body, such as cortisol, thereby decreasing the patient’s stress state [53,54]. Cortisol,
as the primary hormone of the stress response, can lead to impaired immune function
and exacerbation of psychological health issues when levels remain chronically high
[55]. By reducing cortisol levels through exercise, patients can experience improved
mood states, reduced anxiety, and less stress, thereby enhancing the psychological
health. Additionally, exercise can also improve mood and enhance psychological
resilience by promoting the release of neurotransmitters in the brain, such as dopamine
and norepinephrine. These neurotransmitters enhance psychological resilience by
increasing pleasure and motivation, helping to maintain positive emotions and
improve decision-making abilities, making it easier to cope with stress and challenges
[56].
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4.2. Enhancing physical fitness to alleviate cancer-related fatigue

Cancer-related fatigue is one of the primary issues affecting the quality of life of
cancer survivors. Multiple studies have shown that aerobic exercise, resistance
training, and their combination can significantly alleviate cancer-related fatigue,
improve their quality of life, and enhance physical function [2,3]. The enhancement
of physical fitness, a core physiological pathway illustrated in Figure 2, significantly
contributes to alleviating cancer-related fatigue [57]. The primary reason for this is
that exercise can effectively improve the cardiopulmonary function and muscle
strength and endurance of cancer survivors. Improved cardiorespiratory function and
muscle strength not only alleviate physical fatigue but also enhance individuals’
perceived physical competence and independence, contributing to a stronger sense of
self-efficacy and a greater willingness to engage in social activities.

4.2.1. Improving cardiorespiratory function

Cardiorespiratory fitness, also known as aerobic endurance, refers to the capacity
of the heart, blood vessels, and lungs to deliver oxygen and nutrients to various parts
of the body. A decline in cardiopulmonary function is a primary cause of cancer-
related fatigue. Enhancing cardiopulmonary function can effectively reduce the sense
of fatigue in cancer survivors’ daily lives. Evidence indicates that many cancer
survivors experience a significant improvement in cardiopulmonary function
following exercise training [58—60]. Aerobic exercise, resistance training, and their
combination have all been shown to markedly increase cardiopulmonary function in
cancer survivors. Specific improvements include indicators such as maximum oxygen
uptake (VO,max), cardiac output, vital capacity, respiratory muscle strength, and heart
rate variability (HRV) [61-66].

4.2.2. Enhancing muscle strength and endurance

Cancer and its treatments often lead to muscle atrophy and physical decline in
patients, which is another primary cause of cancer-related fatigue. Enhancing muscle
strength and endurance is one of the effective ways to reduce the sense of fatigue in
cancer survivors’ daily lives. Studies have shown that resistance training has a
significant impact on improving muscle strength and endurance in cancer survivors.
While aerobic exercise primarily functions to increase cardiopulmonary fitness and
endurance, it also has a positive effect on muscle strength in cancer survivors.
Evidence indicates that resistance training significantly increased muscle strength and
endurance in breast cancer, colorectal cancer, liver cancer, lymphoma, and prostate
cancer survivors [3,67—69]. Aerobic exercise increased muscle strength and endurance
in breast cancer, colorectal cancer, lung cancer, ovarian cancer, lymphoma, and
prostate cancer survivors [27,70—72]. The combination of aerobic and resistance
training has an even more pronounced effect on improving muscle strength and
endurance in cancer survivors.

4.3. Enhancing immunity and reducing inflammatory responses

The immune system is a critical defense mechanism of the body against diseases.
Studies have shown that moderate exercise can enhance immune function and reduce
inflammatory responses in cancer survivors. This improvement boosts the body’s
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ability to combat infections and diseases, thereby enhancing psychological health and
quality of life. The enhancement of immune function and the improvement of
inflammatory responses have a significant impact on the emotional state of cancer
survivors [66]. Aerobic exercise has been found to significantly increase the number
and activity of immune cells in breast cancer and prostate cancer survivors, reduce the
levels of inflammatory markers, and enhance immune responses [73—75]. Resistance
training has significantly improved the quantity and activity of immune cells, such as
NK cells and T cells, in breast cancer and colorectal cancer survivors, decreased levels
of inflammatory markers, and enhanced immune function [76—79]. The combination
of aerobic and resistance training has more significantly increased the number and
activity of various immune cells, such as NK cells and T cells, in a variety of cancer
survivors, showing lower levels of inflammatory markers and enhancing anti-cancer
immune responses [80—83]. As shown in Figure 2, the improvement of immune
function and reduction of inflammatory responses represent another -crucial
physiological pathway through which exercise benefits psychological health [84].
These physiological improvements can positively impact mood and energy levels,
thereby reducing psychological distress and fostering a more positive outlook that
facilitates social engagement.

4.4. Facilitating social interaction and enhancing self-efficacy

Cancer survivors often face the risk of disconnection from society, and
participating in group exercise activities can promote their social interaction, reducing
the sense of social isolation and loneliness [85,86]. By interacting with others and
sharing experiences, patients can feel more supported and understood, which enhances
self-efficacy and alleviates the psychological burden [87-90].

Social support is a crucial factor in the recovery process of cancer survivors.
Beyond the physiological effects, exercise profoundly impacts psychological well-
being through social-psychological pathways, specifically by facilitating social
interaction and enhancing self-efficacy, as highlighted in Figure 2 [91]. The positive
impact of exercise on social interaction and self-efficacy can be comprehensively
understood through the lens of behavioral theories, particularly the Social Cognitive
Theory (SCT) [92]. SCT posits that human functioning is a result of the interaction
between personal factors, environmental factors, and behavioral factors. In the context
of exercise for cancer survivors, this theory highlights how mastery experiences,
vicarious experiences, social persuasion, and physiological and affective states
contribute to self-efficacy and sustained engagement. Studies have shown that
engaging in exercise can significantly enhance the social support system of cancer
survivors, improving their mental and emotional health. Aerobic exercise, resistance
training, and the combination of both have shown beneficial effects on social support.
Breast cancer survivors, for example, have enhanced family connections and support
through aerobic exercise, improving the quality of family relationships, promoting
communication with family members, increasing emotional support and
understanding, and gaining more social support, enhancing their social support
networks [93-95]. Breast cancer survivors participating in resistance training
programs have established deep friendships and support networks, feeling the power



Psycho-Oncologie 2025, 19(4), 4630.

and support of the group, not only strengthening their connection to the community
but also improving communication and support within the family, helping cancer
survivors to adhere to exercise routines [96,97]. The combination of aerobic and
resistance training has allowed cancer survivors to feel supported and encouraged by
one another, creating a positive and uplifting team atmosphere, integrating them into
society, and enhancing confidence and self-esteem [98,99]. It is clear that engaging in
exercise can significantly strengthen the social support system of cancer survivors,
improving their mental and emotional health.

Additionally, cancer survivors often feel helpless and out of control when faced
with the diagnosis and treatment of the disease, which can have negative effects on
their mental health. Regular exercise can not only improve physical health but also
significantly increase a patient’s sense of self-efficacy. Self-efficacy refers to an
individual’s confidence and belief in their ability to control situations when faced with
challenges [100]. Through exercise, patients can experience improvements in both
their physical and mental states, enhancing their confidence in controlling their own
health [101,102]. This increased self-efficacy is particularly important for the
psychological recovery of cancer survivors as it can reduce feelings of fear and anxiety
and enhance their positivity and adaptability to treatment [103].

5. Future perspectives

As the role of exercise in cancer rehabilitation becomes increasingly prominent,
future research faces numerous challenges and opportunities. This section will delve
into these future research directions, aiming to provide more precise and personalized
recommendations for the clinical application of exercise.

5.1. Individualized exercise intervention programs

Future research should be directed to develop more precise individualized
exercise intervention programs. This requires consideration not only of cancer type,
stage, treatment regimen, and the patient’s physical and psychological condition, but
also of biomarkers (e.g., gene polymorphisms, inflammatory factor levels, BDNF
levels) monitoring to dynamically adjust exercise prescribing. The use of artificial
intelligence and machine learning algorithms to analyze big data is expected to
identify the key individual factors that affect the effectiveness of exercise, so as to
tailor the optimal exercise recommendations for each cancer survivor to maximize
intervention effectiveness and compliance [104,105].

5.2. Timing of exercise interventions

At different stages of cancer treatment, patients’ physical conditions and
psychological needs vary significantly. For instance, during chemotherapy, patients
may be temporarily unable to engage in high intensity exercise due to side effects;
whereas in the recovery phase, moderate exercise may greatly enhance the restoration
of physical functions [87]. Therefore, exploring the optimal timing of exercise
interventions and how to coordinate with mainstream treatment methods (such as
surgery, chemotherapy, and radiotherapy) will be of great significance in improving
the effectiveness of exercise interventions [37]. Future research should employ
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rigorous study designs, such as Randomized Controlled Trials (RCTs), to
systematically investigate optimal timing. For example, RCTs could compare the
efficacy of exercise interventions initiated prior to chemotherapy versus those initiated
during or after chemotherapy on specific psychological and physiological outcomes
[106]. Similarly, studies could evaluate the impact of initiating exercise at different
points relative to surgery or radiotherapy, utilizing adaptive trial designs to optimize
intervention delivery based on patient tolerance and treatment phase. Such focused
research will provide crucial evidence to guide clinical recommendations for the
precise timing of exercise in cancer care.

5.3. Exercise adherence and monitoring methods

The effectiveness of exercise largely depends on patients’ adherence, that is,
whether they are willing and able to persist in completing the exercise program. To
enhance adherence, future research can explore strategies for monitoring and
improving adherence based on mobile health technologies, such as using smart
watches or smartphone applications to monitor patients’ exercise in real-time, and
using data feedback and virtual reward mechanisms to motivate patients [107].
Additionally, researching how educational interventions can increase patients’
awareness of the importance of exercise, thus intrinsically motivating them, is key to
improving adherence [108].

5.4. Interdisciplinary research methods

Cancer rehabilitation is a complex process that involves multiple fields, including
medicine, psychology, sports science, and nutrition. Through interdisciplinary
collaboration, we can more comprehensively understand the mechanisms of exercise
on cancer rehabilitation and develop more integrated intervention programs [109,110].
For example, psychologists can study how to optimize exercise interventions through
behavioral change theories, sports scientists can design exercise programs suitable for
cancer survivors, and dietitians can provide complementary dietary advice to support
patients’ exercise plans and physical recovery [27].

In summary, future research on the role of exercise in cancer rehabilitation will
be multidimensional, interdisciplinary, and personalized. Through in-depth study of
the key areas mentioned above, we will not only better understand the impact of
exercise on the psychological health of cancer survivors but also provide more
effective, feasible, and comfortable exercise rehabilitation programs, thereby
enhancing their quality of life and overall treatment outcomes [111].

5.5. Cultural, demographic and gender considerations

Future research needs to pay more attention to the effects of culture, demographic
characteristics (e.g., age, ethnicity, socioeconomic status), and gender differences on
exercise intervention effectiveness and adherence. First, cultural values and norms can
significantly influence an individual’s attitudes and preferences towards sports, as well
as the social support systems for participating in sports. For example, some cultures
may favor group sports, while others may prefer individualized exercise. Second,
cancer survivors of lower socioeconomic status may face barriers to increased physical

10
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participation, such as lack of safe places to exercise, financial burden, and inadequate
health literacy [112]. It is important to design low-cost, easy-to-implement exercise
interventions for these populations. Furthermore, gender differences are not only
reflected in the physiological level (e.g., the influence of hormone levels on exercise
response), but also in the influence of social roles and expectations on exercise
participation. For example, female cancer survivors may have family responsibilities
or body image concerns that affect sports participation. Therefore, future interventions
should fully consider these factors and develop culturally sensitive, gender-specific,
and socio-economic barriers to improve the coverage and effectiveness of exercise
interventions. To comprehensively address these considerations, future studies should
not only account for these demographic and cultural variables in participant
recruitment but also employ specific metrics to capture their influence on intervention
efficacy and adherence. For instance, validated instruments such as the PROMIS®
cultural expression tools can be utilized to assess culturally-specific health beliefs and
practices [113]. Socioeconomic status can be quantified through established indices
(e.g., income, education level, neighborhood deprivation scores), and their impact on
access to exercise resources can be explored. Gender-specific assessments, including
body image scales (e.g., Body Image Quality of Life Inventory) and questionnaires on
perceived social roles, should be integrated to understand their moderating effects on
exercise participation and psychological outcomes. By systematically collecting and
analyzing these data, researchers can move beyond simply acknowledging these gaps
to empirically demonstrating their impact and developing truly tailored interventions.

To inspire real-world adoption, it is also valuable to consider successful examples
of exercise program implementation for cancer survivors. For instance, the Livestrong
at the YMCA program is a widely recognized initiative that partners with local
YMCAs to provide free or low-cost exercise programs tailored for cancer survivors,
fostering a supportive community environment [ 114]. Another notable example is the
“Moving Through Cancer” program developed by the American Cancer Society,
which offers online resources and connects survivors with local fitness professionals,
demonstrating how digital platforms can broaden access to exercise guidance.
Furthermore, hospital-based programs collaborating with community fitness centers,
such as those seen in many comprehensive cancer centers, successfully integrate
exercise into the continuum of care, providing supervised and progressive exercise
prescriptions tailored to individual patient needs and recovery stages. These examples
highlight the importance of accessibility, tailored approaches, and strong partnerships
in ensuring the successful uptake and adherence to exercise interventions among
cancer survivors.

5.6. Clinical translation and implementation strategies

Translating research findings into routine clinical practice is paramount for
maximizing the benefits of exercise for cancer survivors. Future efforts must focus on
developing practical strategies for seamless integration into standard oncology care.
The reimbursement models is to establish a clear and sustainable reimbursement
pathways for exercise oncology services. This involves advocating for policy changes
with insurance providers and healthcare systems to recognize exercise as a

11
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reimbursable component of comprehensive cancer care [115]. Exploring value-based
payment models that incentivize positive patient outcomes related to exercise could
also accelerate adoption.

Clinician training and education is the provision of adequate training to oncology
medical professionals (e.g., oncologists, nurses, physical therapists) on exercise
prescription, contraindications, and patient motivation techniques [116]. This could
involve integrating exercise oncology into medical school curricula, residency
programs, and continuing medical education (CME) courses to build confidence and
competence in recommending and referring patients to appropriate exercise programs.

6. Conclusion

Exercise has a significant positive impact on the psychological health of cancer
survivors. By improving physiological function, regulating psychological states, and
enhancing social interaction and self-efficacy, exercise has become an integral part of
comprehensive cancer treatment. Future research should continue to deepen our
understanding of the mechanisms of exercise intervention and optimize exercise
programs to better serve the recovery process of cancer survivors.

Funding: Supported by the National Natural Science Foundation of China (NSFC
21365013), and Social Science Planning Project of Jiangxi Province (19WT94).
Ethical approval: Not applicable.

Informed consent statement: Not applicable.

Conlflict of interest: The authors declare no conflict of interest.

References

1.

10.

Chen X, Li J, Chen C, et al. Effects of exercise interventions on cancer-related fatigue and quality of life among cancer
patients: a meta-analysis. BMC Nursing. 2023; 22(1). doi: 10.1186/s12912-023-01363-0

Schmitz KH, Stout NL, Maitin-Shepard M, et al. Moving through cancer: Setting the agenda to make exercise standard in
oncology practice. Cancer. 2020; 127(3): 476-484. doi: 10.1002/cncr.33245

Campbell KL, Winters-Stone KM, Wiskemann J, et al. Exercise Guidelines for Cancer Survivors: Consensus Statement from
International Multidisciplinary Roundtable. Medicine & Science in Sports & Exercise. 2019; 51(11): 2375-2390. doi:
10.1249/mss.0000000000002116

Adamsen L, Quist M, Andersen C, et al. Effect of a multimodal high intensity exercise intervention in cancer patients
undergoing chemotherapy: randomised controlled trial. BMJ. 2009; 339(oct13 1): b3410-b3410. doi: 10.1136/bm;j.b3410
Segal R, Zwaal C, Green E, et al. Exercise for People with Cancer: A Clinical Practice Guideline. Current Oncology. 2017;
24(1): 40-46. doi: 10.3747/c0.24.3376

Pollan M, Casla-Barrio S, Alfaro J, et al. Exercise and cancer: a position statement from the Spanish Society of Medical
Oncology. Clinical and Translational Oncology. 2020; 22(10): 1710-1729. doi: 10.1007/s12094-020-02312-y

Galvao DA, Newton RU. Review of Exercise Intervention Studies in Cancer Patients. Journal of Clinical Oncology. 2005;
23(4): 899-909. doi: 10.1200/jc0.2005.06.085

Knobf MT, Musanti R, Dorward J. Exercise and Quality of Life Outcomes in Patients With Cancer. Seminars in Oncology
Nursing. 2007; 23(4): 285-296. doi: 10.1016/j.soncn.2007.08.007

Schmitz KH, Courneya KS, Matthews C, et al. American College of Sports Medicine Roundtable on Exercise Guidelines for
Cancer Survivors. Medicine & Science in Sports & Exercise. 2010; 42(7): 1409-1426. doi: 10.1249/mss.0b013e3181e0c112
Campbell KL, Neil SE, Winters-Stone KM. Review of exercise studies in breast cancer survivors: attention to principles of
exercise training. British Journal of Sports Medicine. 2012; 46(13): 909-916. doi: 10.1136/bjsports-2010-082719

12



Psycho-Oncologie 2025, 19(4), 4630.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Haykowsky MJ, Beaudry R, Brothers RM, et al. Pathophysiology of exercise intolerance in breast cancer survivors with
preserved left ventricular ejection fraction. Clinical Science. 2016; 130(24): 2239-2244. doi: 10.1042/cs20160479

Mishra SI, Scherer RW, Geigle PM, et al. Exercise interventions on health-related quality of life for cancer survivors.
Cochrane Database of Systematic Reviews. 2012; 2012(8). doi: 10.1002/14651858.cd007566.pub2

Bekhet AH, Abdallah AR, Ismail HM, et al. Benefits of Aerobic Exercise for Breast Cancer Survivors: A Systematic Review
of Randomized Controlled Trials. Asian Pacific Journal of Cancer Prevention. 2019; 20(11): 3197-3209. doi:
10.31557/apjcp.2019.20.11.3197

Takemura N, Cheung DST, Fong DYT, et al. Effectiveness of Aerobic Exercise and Tai Chi Interventions on Sleep Quality
in Patients With Advanced Lung Cancer. JAMA Oncology. 2024; 10(2): 176. doi: 10.1001/jamaoncol.2023.5248

Cheung DST, Takemura N, Lam TC, et al. Feasibility of Aerobic Exercise and Tai-Chi Interventions in Advanced Lung
Cancer Patients: A Randomized Controlled Trial. Integrative Cancer Therapies. 2021; 20. doi: 10.1177/15347354211033352
Lahart IM, Metsios GS, Nevill AM, et al. Physical activity for women with breast cancer after adjuvant therapy. Cochrane
Database of Systematic Reviews. 2018; 2018(1). doi: 10.1002/14651858.cd011292.pub2

Aydin M, Kose E, Odabas I, et al. The Effect of Exercise on Life Quality and Depression Levels of Breast Cancer Patients.
Asian Pacific Journal of Cancer Prevention. 2021; 22(3): 725-732. doi: 10.31557/apjcp.2021.22.3.725

Koevoets EW, Schagen SB, de Ruiter MB, et al. Effect of physical exercise on cognitive function after chemotherapy in
patients with breast cancer: a randomized controlled trial (PAM study). Breast Cancer Research. 2022; 24(1). doi:
10.1186/s13058-022-01530-2

Brown JC, Huedo-Medina TB, Pescatello LS, et al. The Efficacy of Exercise in Reducing Depressive Symptoms among
Cancer Survivors: A Meta-Analysis. Lucia A, ed. PLoS ONE. 2012; 7(1): e30955. doi: 10.1371/journal.pone.0030955
Craft LL, Vanlterson EH, Helenowski IB, et al. Exercise Effects on Depressive Symptoms in Cancer Survivors: A
Systematic Review and Meta-analysis. Cancer Epidemiology, Biomarkers & Prevention. 2012; 21(1): 3-19. doi:
10.1158/1055-9965.epi-11-0634

Johansen SH, Sater M, Sarvari S, et al. Effects of Aerobic Exercise on Cardiorespiratory Fitness and Cardiovascular Risk
Factors in Long-Term Breast Cancer Survivors. JACC: CardioOncology. 2025; 7(4): 414-426. doi:
10.1016/j.jaccao.2025.04.006

Puetz TW, Herring MP. Differential Effects of Exercise on Cancer-Related Fatigue During and Following Treatment.
American Journal of Preventive Medicine. 2012; 43(2): el-e24. doi: 10.1016/j.amepre.2012.04.027

Meneses-Echavez JF, Gonzalez-Jiménez E, Ramirez-Vélez R. Effects of Supervised Multimodal Exercise Interventions on
Cancer-Related Fatigue: Systematic Review and Meta-Analysis of Randomized Controlled Trials. BioMed Research
International. 2015; 2015: 1-13. doi: 10.1155/2015/328636

van Vulpen JK, Peeters PHM, Velthuis MJ, et al. Effects of physical exercise during adjuvant breast cancer treatment on
physical and psychosocial dimensions of cancer-related fatigue: A meta-analysis. Maturitas. 2016; 85: 104-111. doi:
10.1016/j.maturitas.2015.12.007

Cramp F, Byron-Daniel J. Exercise for the management of cancer-related fatigue in adults. Cochrane Database of Systematic
Reviews. 2012; 2021(9). doi: 10.1002/14651858.cd006145.pub3

Brown JC, Damjanov N, Courneya KS, et al. A randomized dose-response trial of aerobic exercise and health-related quality
of life in colon cancer survivors. Psycho-Oncology. 2018; 27(4): 1221-1228. doi: 10.1002/pon.4655

Buffart LM, Kalter J, Sweegers MG, et al. Effects and moderators of exercise on quality of life and physical function in
patients with cancer: An individual patient data meta-analysis of 34 RCTs. Cancer Treatment Reviews. 2017; 52: 91-104.
doi: 10.1016/j.ctrv.2016.11.010

Farley MJ, Boytar AN, Adlard KN, et al. Interleukin-15 and high-intensity exercise: relationship with inflammation, body
composition and fitness in cancer survivors. The Journal of Physiology. 2024; 602(20): 5203-5215. doi: 10.1113/jp286043
Schmidt ME, Wiskemann J, Armbrust P, et al. Effects of resistance exercise on fatigue and quality of life in breast cancer
patients undergoing adjuvant chemotherapy: A randomized controlled trial. International Journal of Cancer. 2014; 137(2):
471-480. doi: 10.1002/ijc.29383

Ficarra S, Thomas E, Bianco A, et al. Impact of exercise interventions on physical fitness in breast cancer patients and
survivors: a systematic review. Breast Cancer. 2022; 29(3): 402-418. doi: 10.1007/s12282-022-01347-z

13



Psycho-Oncologie 2025, 19(4), 4630.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Hilfiker R, Meichtry A, Eicher M, et al. Exercise and other non-pharmaceutical interventions for cancer-related fatigue in
patients during or after cancer treatment: a systematic review incorporating an indirect-comparisons meta-analysis. British
Journal of Sports Medicine. 2017; 52(10): 651-658. doi: 10.1136/bjsports-2016-096422

Gray L, Sindall P, Pearson SJ. Does resistance training ameliorate cancer-related fatigue in cancer survivors? A systematic
review with meta-analysis. Disability and Rehabilitation. 2023; 46(11): 2213-2222. doi: 10.1080/09638288.2023.2226408
Murphy K, Kehoe B, Denieffe S, et al. A comparison of aerobic- and resistance-emphasised exercise on cardiometabolic
health and quality of life in men receiving androgen deprivation therapy for prostate cancer: Protocol for a feasibility trial.
Contemporary Clinical Trials. 2024; 136: 107388. doi: 10.1016/j.cct.2023.107388

Montafio-Rojas LS, Romero-Pérez EM, Medina-Pérez C, et al. Resistance Training in Breast Cancer Survivors: A
Systematic Review of Exercise Programs. International Journal of Environmental Research and Public Health. 2020; 17(18):
6511. doi: 10.3390/ijerph17186511

Sitjar PHS, Tan SY, Wong M, et al. Combined aerobic and strength exercise training on biological ageing in Singaporean
breast cancer patients: protocol for the Breast Cancer Exercise Intervention (BREXINT) Pilot Study. GeroScience. 2024;
46(6): 6029-6038. doi: 10.1007/s11357-024-01145-9

Wilson OWA, Wojcik KM, Cohen CM, et al. Exercise and cardiovascular health among breast cancer survivors: a scoping
review of current observational evidence. Cardio-Oncology. 2025; 11(1). doi: 10.1186/s40959-025-00310-z

Courneya KS, Segal RJ, Mackey JR, et al. Effects of Aerobic and Resistance Exercise in Breast Cancer Patients Receiving
Adjuvant Chemotherapy: A Multicenter Randomized Controlled Trial. Journal of Clinical Oncology. 2007; 25(28): 4396-
4404. doi: 10.1200/jc0.2006.08.2024

Courneya KS, Segal RJ, Mckenzie DC, et al. Effects of Exercise during Adjuvant Chemotherapy on Breast Cancer
Outcomes. Medicine & Science in Sports & Exercise. 2014; 46(9): 1744-1751. doi: 10.1249/mss.0000000000000297

Sun M, Liu C, Lu Y, et al. Effects of Physical Activity on Quality of Life, Anxiety and Depression in Breast Cancer
Survivors: A Systematic Review and Meta-analysis. Asian Nursing Research. 2023; 17(5): 276-285. doi:
10.1016/j.anr.2023.11.001

Mardiana O, Nor Afiah MZ, Ahmad N, et al. Effectiveness of an independent physical activity programme in improving
physical activity amongst breast and colorectal cancer survivors: study protocol for a randomized controlled trial. Medical
Journal of Malaysia. 2021; 76: 480-487.

Salam A, Woodman A, Chu A, et al. Effect of post-diagnosis exercise on depression symptoms, physical functioning and
mortality in breast cancer survivors: A systematic review and meta-analysis of randomized control trials. Cancer
Epidemiology. 2022; 77: 102111. doi: 10.1016/j.canep.2022.102111

O’Connor D, Lennon O, Fernandez MM, et al. Functional, physiological and subjective responses to concurrent
neuromuscular electrical stimulation (NMES) exercise in adult cancer survivors: a controlled prospective study. Scientific
Reports. 2020; 10(1). doi: 10.1038/s41598-020-71006-w

Soriano-Maldonado A, Carrera-Ruiz A, Diez-Fernandez DM, et al. Effects of a 12-week resistance and aerobic exercise
program on muscular strength and quality of life in breast cancer survivors. Medicine. 2019; 98(44): €17625. doi:
10.1097/md.0000000000017625

Baguley B, Bolam K, Wright O, et al. The Effect of Nutrition Therapy and Exercise on Cancer-Related Fatigue and Quality
of Life in Men with Prostate Cancer: A Systematic Review. Nutrients. 2017; 9(9): 1003. doi: 10.3390/nu9091003
Dieli-Conwright CM, Courneya KS, Demark-Wahnefried W, et al. Aerobic and resistance exercise improves physical
fitness, bone health, and quality of life in overweight and obese breast cancer survivors: a randomized controlled trial. Breast
Cancer Research. 2018; 20(1). doi: 10.1186/s13058-018-1051-6

Samuel SR, Maiya AG, Fernandes DJ, et al. Effectiveness of exercise-based rehabilitation on functional capacity and quality
of life in head and neck cancer patients receiving chemo-radiotherapy. Supportive Care in Cancer. 2019; 27(10): 3913-3920.
doi: 10.1007/s00520-019-04750-z

Tjoe JA, Piacentine LB, Papanek PE, et al. Team triathlon effects on physiological, psychological, and immunological
measures in women breast cancer survivors. Supportive Care in Cancer. 2020; 28(12): 6095-6104. doi: 10.1007/s00520-020-
05457-2

Buffart LM, Sweegers MG, May AM, et al. Targeting Exercise Interventions to Patients with Cancer in Need: An Individual
Patient Data Meta-Analysis. JNCI: Journal of the National Cancer Institute. 2018; 110(11): 1190-1200. doi:
10.1093/jnci/djy161

14



Psycho-Oncologie 2025, 19(4), 4630.

49.

50.

51.

52.

53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Pearce M, Garcia L, Abbas A, et al. Association Between Physical Activity and Risk of Depression. JAMA Psychiatry.
2022; 79(6): 550. doi: 10.1001/jamapsychiatry.2022.0609

Janal MN, Colt EWD, Clark CW, Glusman M. Pain sensitivity, mood and plasma endocrine levels in man following long-
distance running: Effects of naloxone. Pain. 1984; 19(1): 13-25. doi: 10.1016/0304-3959(84)90061-7

Matei D, Trofin D, Tordan DA, et al. The Endocannabinoid System and Physical Exercise. International Journal of Molecular
Sciences. 2023; 24(3): 1989. doi: 10.3390/ijms24031989

van Doorslaer de ten Ryen S, Dalle S, Terrasi R, et al. Regulation of the endocannabinoid system by endurance and
resistance exercise in hypoxia in human skeletal muscle. Journal of Applied Physiology. 2023; 134(3): 569-580. doi:
10.1152/japplphysiol.00645.2022

Berger AM, Gerber LH, Mayer DK. Cancer-related fatigue. Cancer. 2012; 118(S8): 2261-2269. doi: 10.1002/cncr.27475
Gupta A, Hussain S, Nayyar H, et al. Perception, magnitude, and implications of cancer-related fatigue in breast cancer
survivors: Study from a developing country. Journal of Cancer Research and Therapeutics. 2021; 17(4): 998-1002. doi:
10.4103/jert. JCRT 151 19

Pruessner JC, Hellhammer DH, Kirschbaum C. Burnout, Perceived Stress, and Cortisol Responses to Awakening.
Psychosomatic Medicine. 1999; 61(2): 197-204. doi: 10.1097/00006842-199903000-00012

Dishman RK, Berthoud H, Booth FW, et al. Neurobiology of Exercise. Obesity. 2006; 14(3): 345-356. doi:
10.1038/0by.2006.46

Han B, Duan Y, Zhang P, et al. Effects of concurrent aerobic and strength training in women diagnosed with non-metastatic
breast cancer: a systematic review and meta-analysis. Journal of Cancer Survivorship. 2024; Online ahead of print. doi:
10.1007/s11764-024-01634-y

Han M, Qie R, Shi X, et al. Cardiorespiratory fitness and mortality from all causes, cardiovascular disease and cancer: dose—
response meta-analysis of cohort studies. British Journal of Sports Medicine. 2022; 56(13): 733-739. doi: 10.1136/bjsports-
2021-104876

Cheng L, Tian W, Mu H. Effects of aerobic combined with resistance exercise on cardiorespiratory fitness and
cardiometabolic health in breast cancer survivors: A Systematic Review, meta-analysis and meta-regression. Heliyon. 2024;
10(4): €26318. doi: 10.1016/j.heliyon.2024.e26318

Kong L, Gao R. Aerobic exercise combined with resistance exercise training improves cardiopulmonary function and blood
lipid of patients with breast cancer: A systematic review and meta-analysis. Medicine. 2022; 101(51): €32391. doi:
10.1097/md.0000000000032391

Hawkes AL, Chambers SK, Pakenham KI, et al. Effects of a Telephone-Delivered Multiple Health Behavior Change
Intervention (CanChange) on Health and Behavioral Outcomes in Survivors of Colorectal Cancer: A Randomized Controlled
Trial. Journal of Clinical Oncology. 2013; 31(18): 2313-2321. doi: 10.1200/jc0.2012.45.5873

Granger CL, McDonald CF, Berney S, et al. Exercise intervention to improve exercise capacity and health related quality of
life for patients with Non-small cell lung cancer: A systematic review. Lung Cancer. 2011; 72(2): 139-153. doi:
10.1016/j.lungcan.2011.01.006

Jones LW, Hornsby WE, Goetzinger A, et al. Prognostic significance of functional capacity and exercise behavior in patients
with metastatic non-small cell lung cancer. Lung Cancer. 2012; 76(2): 248-252. doi: 10.1016/j.lungcan.2011.10.009

Dimeo FC, Stieglitz R, Novelli-Fischer U, et al. Effects of physical activity on the fatigue and psychologic status of cancer
patients during chemotherapy. Cancer. 1999; 85(10): 2273-2277. doi: 10.1002/(SICI)1097-
0142(19990515)85:10<2273::AID-CNCR24>3.3.CO;2-2

Al-Mhanna SB, Batrakoulis A, Norhayati MN, et al. Combined Aerobic and Resistance Training Improves Body
Composition, Alters Cardiometabolic Risk, and Ameliorates Cancer-Related Indicators in Breast Cancer Patients and
Survivors with Overweight/Obesity: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Journal of
Sports Science and Medicine. 2024; 3: 366-395. doi: 10.52082/jssm.2024.366

Isanejad A, Nazari S, Gharib B, et al. Comparison of the effects of high-intensity interval and moderate-intensity continuous
training on inflammatory markers, cardiorespiratory fitness, and quality of life in breast cancer patients. Journal of Sport and
Health Science. 2023; 12(6): 674-689. doi: 10.1016/j.jshs.2023.07.001

Esteban-Simoén A, Diez-Fernandez DM, Rodriguez-Pérez MA, et al. Does a Resistance Training Program Affect Between-
arms Volume Difference and Shoulder-arm Disabilities in Female Breast Cancer Survivors? The Role of Surgery Type and

15



Psycho-Oncologie 2025, 19(4), 4630.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Treatments. Secondary Outcomes of the EFICAN Trial. Archives of Physical Medicine and Rehabilitation. 2024; 105(4):
647-654. doi: 10.1016/j.apmr.2023.11.010

Papadopoulos E, Gillen J, Moore D, et al. High-intensity interval training or resistance training versus usual care in men with
prostate cancer on active surveillance: a 3-arm feasibility randomized controlled trial. Applied Physiology, Nutrition, and
Metabolism. 2021; 46(12): 1535-1544. doi: 10.1139/apnm-2021-0365

Mijwel S, Jervaeus A, Bolam KA, et al. High-intensity exercise during chemotherapy induces beneficial effects 12 months
into breast cancer survivorship. Journal of Cancer Survivorship. 2019; 13(2): 244-256. doi: 10.1007/s11764-019-00747-z
Kotte M, Bolam KA, Mijwel S, et al. Distance-based delivery of exercise for people treated for breast, prostate or colorectal
cancer: a study protocol for a randomised controlled trial of EX-MED Cancer Sweden. Trials. 2023; 24(1). doi:
10.1186/s13063-023-07152-z

Tonosaki A, Ishikawa M. Physical activity intensity and health status perception of breast cancer patients undergoing
adjuvant chemotherapy. European Journal of Oncology Nursing. 2014; 18(2): 132-139. doi: 10.1016/j.ejon.2013.11.008
Zimmer P, Trebing S, Timmers-Trebing U, et al. Eight-week, multimodal exercise counteracts a progress of chemotherapy-
induced peripheral neuropathy and improves balance and strength in metastasized colorectal cancer patients: a randomized
controlled trial. Supportive Care in Cancer. 2017; 26(2): 615-624. doi: 10.1007/s00520-017-3875-5

Khosravi N, Stoner L, Farajivafa V, et al. Exercise training, circulating cytokine levels and immune function in cancer
survivors: A meta-analysis. Brain, Behavior, and Immunity. 2019; 81: 92-104. doi: 10.1016/j.bbi.2019.08.187

Lavin-Pérez AM, Collado-Mateo D, Abbasi S, et al. Effects of exercise on immune cells with tumor-specific activity in
breast cancer patients and survivors: a systematic review and meta-analysis. Supportive Care in Cancer. 2023; 31(9). doi:
10.1007/s00520-023-07968-0

Dethlefsen C, Hansen LS, Lillelund C, et al. Exercise-Induced Catecholamines Activate the Hippo Tumor Suppressor
Pathway to Reduce Risks of Breast Cancer Development. Cancer Research. 2017; 77(18): 4894-4904. doi: 10.1158/0008-
5472.can-16-3125

Phillips MD, Flynn MG, Mcfarlin BK, et al. Resistance Training at Eight-Repetition Maximum Reduces the Inflammatory
Milieu in Elderly Women. Medicine & Science in Sports & Exercise. 2010; 42(2): 314-325. doi:
10.1249/mss.0b013e3181b11ab7

Potthoff K, Schmidt ME, Wiskemann J, et al. Randomized controlled trial to evaluate the effects of progressive resistance
training compared to progressive muscle relaxation in breast cancer patients undergoing adjuvant radiotherapy: the BEST
study. BMC Cancer. 2013; 13(1). doi: 10.1186/1471-2407-13-162

Borelli B, Antoniotti C, Carullo M, et al. Immune-Checkpoint Inhibitors (ICIs) in Metastatic Colorectal Cancer (mCRC)
Patients beyond Microsatellite Instability. Cancers. 2022; 14(20): 4974. doi: 10.3390/cancers14204974

Shan J, Han D, Shen C, et al. Mechanism and strategies of immunotherapy resistance in colorectal cancer. Frontiers in
Immunology. 2022; 13. doi: 10.3389/fimmu.2022.1016646

Hutnick NA, Williams NI, Kraemer WJ, et al. Exercise and Lymphocyte Activation following Chemotherapy for Breast
Cancer. Medicine & Science in Sports & Exercise. 2005; 37(11): 1827-1835. doi: 10.1249/01.mss.0000175857.84936.1a
Nieman D, Cook V, Henson D, et al. Moderate Exercise Training and Natural Killer Cell Cytotoxic Activity in Breast
Cancer Patients. International Journal of Sports Medicine. 1995; 16(05): 334-337. doi: 10.1055/5-2007-973015

Hong BS, Lee KP. A systematic review of the biological mechanisms linking physical activity and breast cancer. Physical
Activity and Nutrition. 2020; 24(3): 25-31. doi: 10.20463/pan.2020.0018

Riani Costa LA, F. Barreto R, de Leandrini SMM, et al. The influence of a supervised group exercise intervention combined
with active lifestyle recommendations on breast cancer survivors’ health, physical functioning, and quality of life indices:
study protocol for a randomized and controlled trial. Trials. 2021; 22(1). doi: 10.1186/s13063-021-05843-z

Yang HJ, Koh E, Kang Y. Susceptibility of Women to Cardiovascular Disease and the Prevention Potential of Mind—Body
Intervention by Changes in Neural Circuits and Cardiovascular Physiology. Biomolecules. 2021; 11(5): 708. doi:
10.3390/biom11050708

Aune D, Markozannes G, Abar L, et al. Physical Activity and Health-Related Quality of Life in Women With Breast Cancer:
A Meta-Analysis. INCI Cancer Spectrum. 2022; 6(6). doi: 10.1093/jncics/pkac072

Turner RR, Steed L, Quirk H, et al. Interventions for promoting habitual exercise in people living with and beyond cancer.
Cochrane Database of Systematic Reviews. 2018; 2018(9). doi: 10.1002/14651858.cd010192.pub3

16



Psycho-Oncologie 2025, 19(4), 4630.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Mustian KM, Sprod LK, Janelsins M, et al. Exercise Recommendations for Cancer-Related Fatigue, Cognitive Impairment,
Sleep Problems, Depression, Pain, Anxiety, and Physical Dysfunction—A Review. Oncology & Hematology Review (US).
2012; 08(02): 81. doi: 10.17925/0hr.2012.08.2.81

Ding X, Zhao F, Zhu M, et al. A systematic review and meta-analysis of interventions to reduce perceived stress in breast
cancer patients. Complementary Therapies in Clinical Practice. 2024; 54: 101803. doi: 10.1016/j.ctcp.2023.101803

Cohen L, Warneke C, Fouladi RT, et al. Psychological adjustment and sleep quality in a randomized trial of the effects of a
Tibetan yoga intervention in patients with lymphoma. Cancer. 2004; 100(10): 2253-2260. doi: 10.1002/cncr.20236

Dong B, Qi Y, Lin L, et al. Which Exercise Approaches Work for Relieving Cancer-Related Fatigue? A Network Meta-
analysis. Journal of Orthopaedic & Sports Physical Therapy. 2023; 53(6): 343-352. doi: 10.2519/jospt.2023.11251
Arkkukangas M, Stromqvist Baathe K, Tonkonogi M, et al. More than just exercise: Older adults’ experience of the peer-led
group-based fallfitness program. Clinical Interventions in Aging. 2025; 20: 931-939. doi: 10.2147/cia.s527142

Short CE, James EL, Plotnikoff RC. How social cognitive theory can help oncology-based health professionals promote
physical activity among breast cancer survivors. European Journal of Oncology Nursing. 2013; 17(4): 482-489. doi:
10.1016/j.ejon.2012.10.009

McNeely ML. Effects of exercise on breast cancer patients and survivors: a systematic review and meta-analysis. Canadian
Medical Association Journal. 2006; 175(1): 34-41. doi: 10.1503/cma;j.051073

Courneya KS, Mackey JR, Bell GJ, et al. Randomized controlled trial of exercise training in postmenopausal breast cancer
survivors: Cardiopulmonary and quality of life outcomes. Journal of Clinical Oncology. 2003; 21(9): 1660-1668. doi:
10.1200/jc0.2003.04.093

Irwin ML, Varma K, Alvarez-Reeves M, et al. Randomized controlled trial of aerobic exercise on insulin and insulin-like
growth factors in breast cancer survivors: The yale exercise and survivorship study. Cancer Epidemiology, Biomarkers &
Prevention. 2009; 18(1): 306-313. doi: 10.1158/1055-9965.epi-08-0531

Soriano-Maldonado A, Diez-Fernandez DM, Esteban-Simon A, et al. Effects of a 12-week supervised resistance training
program, combined with home-based physical activity, on physical fitness and quality of life in female breast cancer
survivors: the EFICAN randomized controlled trial. Journal of Cancer Survivorship. 2022; 17(5): 1371-1385. doi:
10.1007/s11764-022-01192-1

Ligibel JA, Campbell N, Partridge A, et al. Impact of a Mixed Strength and Endurance Exercise Intervention on Insulin
Levels in Breast Cancer Survivors. Journal of Clinical Oncology. 2008; 26(6): 907-912. doi: 10.1200/jc0.2007.12.7357
Milne HM, Wallman KE, Gordon S, et al. Effects of a combined aerobic and resistance exercise program in breast cancer
survivors: a randomized controlled trial. Breast Cancer Research and Treatment. 2007; 108(2): 279-288. doi:
10.1007/s10549-007-9602-z

Rogers LQ, Courneya KS, Carter SJ, et al. Effects of a multicomponent physical activity behavior change intervention on
breast cancer survivor health status outcomes in a randomized controlled trial. Breast Cancer Research and Treatment. 2016;
159(2): 283-291. doi: 10.1007/s10549-016-3945-2

Hsiao LC, Wang CJ. Psychometric testing: Self-efficacy for calorie control and exercise. Clinical Nursing Research. 2021;
31(8): 1539-1547. doi: 10.1177/10547738211064947

Soto-Ruiz N, Escalada-Hernandez P, Martin-Rodriguez LS, et al. Web-based personalized intervention to improve quality of
life and self-efficacy of long-term breast cancer survivors: Study protocol for a randomized controlled trial. International
Journal of Environmental Research and Public Health. 2022; 19(19): 12240. doi: 10.3390/ijerph191912240

McCarroll ML, Armbruster S, Frasure HE, et al. Self-efficacy, quality of life, and weight loss in overweight/obese
endometrial cancer survivors (SUCCEED): A randomized controlled trial. Gynecologic Oncology. 2014; 132(2): 397-402.
doi: 10.1016/j.ygyno.2013.12.023

Buffart LM, Galvao DA, Brug J, et al. Evidence-based physical activity guidelines for cancer survivors: Current guidelines,
knowledge gaps and future research directions. Cancer Treatment Reviews. 2014; 40(2): 327-340. doi:
10.1016/j.ctrv.2013.06.007

Jones LW, Alfano CM. Exercise-oncology research: Past, present, and future. Acta Oncologica. 2012; 52(2): 195-215. doi:
10.3109/0284186x.2012.742564

Su J, Huang W, Yu P. Effect of inspiratory muscle training in esophageal cancer patients receiving esophagectomy: A meta-
analysis of randomized controlled trials. Hegazy FA, ed. PLOS ONE. 2024; 19(7): €0307069. doi:
10.1371/journal.pone.0307069

17



Psycho-Oncologie 2025, 19(4), 4630.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Yang X, Li Z, Sun J. Effects of Cognitive Behavioral Therapy—Based Intervention on Improving Glycaemic, Psychological,
and Physiological Outcomes in Adult Patients With Diabetes Mellitus: A Meta-Analysis of Randomized Controlled Trials.
Frontiers in Psychiatry. 2020; 11. doi: 10.3389/fpsyt.2020.00711

Kampshoftf CS, Chinapaw MJM, Brug J, et al. Randomized controlled trial of the effects of high intensity and low-to-
moderate intensity exercise on physical fitness and fatigue in cancer survivors: results of the Resistance and Endurance
exercise After ChemoTherapy (REACT) study. BMC Medicine. 2015; 13(1). doi: 10.1186/s12916-015-0513-2

Short CE, James EL, Girgis A, et al. Main outcomes of the Move More for Life Trial: a randomised controlled trial
examining the effects of tailored-print and targeted-print materials for promoting physical activity among post-treatment
breast cancer survivors. Psycho-Oncology. 2014; 24(7): 771-778. doi: 10.1002/pon.3639

Brown JC, Yang S, Compton SLE, et al. Effect of resistance training on physical function during chemotherapy in colon
cancer. JNCI Cancer Spectrum. 2024; 8(4). doi: 10.1093/jncics/pkae058

Sikandari MH, Siddiqui A, Ahmad M, et al. Effect of exercise on fatigue and depression in breastcancer women undergoing
chemotherapy: a systematic review and meta-analysis. Supportive Care in Cancer. 2024; 32(8). doi: 10.1007/s00520-024-
08703-z

Fong DYT, Ho JWC, Hui BPH, et al. Physical activity for cancer survivors: meta-analysis of randomised controlled trials.
BMLJ. 2012; 344(jan30 5): €70-¢70. doi: 10.1136/bm;j.e70

Owusu C, Antognoli E, Nock N, et al. Perspective of older African-American and Non-Hispanic white breast cancer
survivors from diverse socioeconomic backgrounds toward physical activity: A qualitative study. Journal of Geriatric
Oncology. 2018; 9(3): 235-242. doi: 10.1016/].jgo.2017.12.003

Delpierre C, Lemogne C, Steichen O, et al. Influence of socioeconomic position on the relationship between long COVID
and health-related quality of life: A nationwide random sampling survey in France in autumn 2022. Social Science &
Medicine. 2025; 382: 118368. doi: 10.1016/j.socscimed.2025.118368

Faro JM, Arem H, Heston AH, et al. A longitudinal implementation evaluation of a physical activity program for cancer
survivors: LIVESTRONG® at the YMCA. Implementation Science Communications. 2020; 1(1). doi: 10.1186/s43058-020-
00051-3

Chan KKW, Takhar P, Evans WK, et al. Development of a framework on the incorporation of real-world evidence (RWE)
into cancer drug funding decisions in Canada: the Canadian Real-world Evidence for Value of Cancer Drugs (CanREValue)
collaboration. BMJ Open. 2025; 15(5): €096286. doi: 10.1136/bmjopen-2024-096286

Dai XT, Zhang X, Huang JX, et al. Awareness and usage of a dietary guide by cancer patients and clinicians: a national
survey study. Supportive Care in Cancer. 2025; 33(7). doi: 10.1007/s00520-025-09574-8

18



